The incidence of colorectal cancer is increasing among persons 50 years old or younger. However, data on the epidemiology of young-onset colorectal neoplasia (CRN) are limited. Although some studies have investigated the epidemiology of CRN in persons younger than 50 years, most have focused on persons 40 years or older. We evaluated the prevalence of and risk factors for CRN in adults younger than 40 years.
C urrent guideline recommends that persons with an average risk of developing colorectal cancer (CRC) begin undergoing screening colonoscopy at 50 years of age 1 ; accordingly, the incidence and mortality rate of CRC have decreased in adults aged >50 years during the last few decades. 2, 3 In contrast, the incidence of CRC in adults aged <50 years has increased.
2, 3 Bailey et al 2 reported a steady decline in the incidence of CRC in patients aged !50 years; however, the opposite trend has been observed for young adults aged 20-49 years between 1975 and 2010. Moreover, based on current trends, they predicted that in 2030, the incidences of colon and rectal cancer will increase by 90% and 124%, respectively, for persons aged 20-34 years and by 28% and 46%, respectively, for those aged 35-49 years. 2 Because young adults aged <50 years belong to the economically active population, an increase in CRC in this demographic will lead to future socioeconomic burdens.
Therefore, young-onset colorectal neoplasia (CRN), including CRC and its precursor (colorectal adenoma), is a timely concern.
Nonetheless, there is a lack of research on the epidemiology of CRN in the young population. Although some studies have investigated the prevalence of and risk factors for CRN in persons aged <50 years, most have focused on persons aged >40 years. Data on the epidemiology of CRN in young persons aged <40 years are extremely limited. Our preceding study investigated the risk factors for CRN in persons aged 30-39 years; however, the number of participants in this age group was relatively small. 4 Additionally, because the number of persons aged 20-29 years was extremely small, this age group was not analyzed. To the best of our knowledge, no prior study has investigated the risk factors for CRN in very young adults aged 20-29 years. There is a limit to our full understanding the epidemiology of CRN in young populations aged <40 years based on our and other previous studies.
Therefore, we conducted a further study to evaluate the prevalence of and risk factors for CRN in a very large sample of asymptomatic young health examinees aged 20-39 years. The identification of the risk factors for CRN, especially advanced CRN, in very young adults aged 20-29 years will be very helpful in selecting young adults who would most benefit from colonoscopy. Accordingly, we sought to assess the risk factors for overall CRN and advanced CRN in persons aged 20-29 years and 30-39 years separately.
Methods

Study Population
The Kangbuk Samsung Health Study is a cohort study of South Korean men and women aged !18 years who underwent a comprehensive annual or biennial health examination at the Kangbuk Samsung Hospital Total Healthcare Center in Seoul and Suwon, South Korea. The study population consisted of a subset of Kangbuk Samsung Health Study participants aged 20-39 years who underwent colonoscopy as part of a health check-up from August 2004 to December 2015 (n ¼ 94,805). We retrospectively analyzed data obtained from a prospectively established cohort. In South Korea, the Industrial Safety and Health Law requires annual or biennial health screening examinations of all employees free of charge. Most of the participants were employees of various companies or their spouses. As part of their welfare policy, companies often subsidize comprehensive health exams including colonoscopy regardless of current guidelines. Such programs are popular in Korea. 4, 5 Colonoscopy is not mandatory by law; rather, it is an optional test that can be chosen among several tests by the participants themselves. Although the Korean guideline recommends that persons at average risk of CRC begin screening colonoscopy at age 50 years, 6 some participants chose colonoscopy among optional tests despite their young age. The optional screening test (eg, colonoscopy) was decided based solely on the participant's preference.
The setting of the study was a medical examination center, not a clinical center. Before the colonoscopy, interviews by general practitioners were conducted to ensure that all participants were asymptomatic (ie, no abdominal pain, diarrhea, or hematochezia). Participants with symptoms were urged to seek medical care.
The exclusion criteria were as follows: (1) previously underwent colonic examination or colorectal surgery or previously had CRN, (2) history of inflammatory bowel disease, (3) family history of CRC, and (4) poor bowel preparation. Poor bowel preparation was defined as "large amounts of solid fecal matter found precluding a satisfactory study; unacceptable preparation; <90% of mucosa seen." 7 This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital. The requirement for informed consent was waived because only deidentified data were retrospectively assessed.
Measurements and Definitions
Data on medical history and health-related behavior were collected using a self-administered questionnaire. The participants were asked to complete the questionnaire between 2 weeks before and the day of the colonoscopy. A family history of CRC was defined as CRC in at least 1 first-degree relative(s) of any age. Self-reported regular use of nonsteroidal anti-inflammatory drugs (NSAIDs) during the previous month was assessed. The
What You Need to Know Background
Although some studies have investigated the epidemiology of colorectal neoplasia (CRN) in persons aged 40-49 years, there are few data on the epidemiology of CRN in persons <40 years.
Findings
The prevalence of overall CRN was 5.9% among individuals aged 20-29 years and 9.5% among individuals aged 30-39 years; the prevalence values for advanced CRN were 0.6% and 0.9%, respectively. Modifiable factors such as obesity and some components of metabolic syndrome were significantly associated with CRN-even in adults aged 20-39 years.
Implications for patient care
Colorectal cancer screening strategies should consider risk factors for CRN.
weekly frequency of moderate or vigorous physical activity during the previous 7 days was also assessed, and regular exercise was defined as exercising !3 times/week. Obesity was defined as a body mass index !25 kg/m 2 . 8 Metabolic syndrome was diagnosed if !3 of the following criteria were satisfied: abdominal obesity, elevated fasting blood glucose (FBG) level !100 mg/dL or use of glucose-lowering medications, elevated blood 
Colonoscopy and Histologic Examination
All colonoscopies were performed by experienced board-certified endoscopists using an EVIS LUCERA CV-260 colonoscope (Olympus Medical Systems, Tokyo, Japan). Overall CRN was defined as cancer or any adenoma, while advanced CRN was defined as cancer or advanced adenoma. Advanced adenoma was defined as the presence of 1 of the following features: !10 mm diameter, tubulovillous or villous structure, and highgrade dysplasia. 10 Sessile serrated polyps or traditional serrated adenomas were included in the definition of CRN. However, hyperplastic polyps were not considered neoplastic lesions.
Statistical Analysis
Data were stratified into 2 groups by age (20-29 years and 30-39 years). Chi-square tests were used to compare categorical variables between groups. In each group, a multivariate logistic regression model was used to assess the risk factors for overall and advanced CRN separately. Multivariate models were adjusted for age, sex, smoking status, alcohol intake, NSAID use, regular exercise, and obesity. For each variable, the odds ratios (ORs) and 95% confidence intervals (CIs) were reported. All reported P values were 2 tailed, and P values <.05 were considered statistically significant. SPSS version 18 (IBM Corp, Armonk, NY) was used to perform the statistical analyses.
Results
Baseline Characteristics of the Study Population
We reviewed the medical records of 94,805 participants aged 20-39 years who underwent colonoscopy. Of them, 22,449 were excluded because of a prior colonic examination, colorectal surgery, or CRN (n ¼ 11,995); history of inflammatory bowel disease (n ¼ 197); family history of CRC (n ¼ 2345); and poor bowel preparation (n ¼ 7912). Ultimately, 72,356 participants were analyzed. The mean age of the study participants was 34.0 AE 3.4 years, and the proportion of male patients was 68.6%.
Of the 72,356 examinees, 7340 (10.1%) were 20-29 years old and 65,016 (89.9%) were 30-39 years old. The baseline characteristics of subjects aged 20-29 years and 30-39 years are described in Table 1 . Both groups were predominantly male. The proportions of smoking, obesity, and metabolic syndrome were higher in subjects in their 30s than in those in their 20s.
Prevalence of CRN
The prevalence of overall CRN in the age 20-29 years group and the aged 30-39 years group was 5.9% and 9.5%, respectively (P < .001). The prevalence of advanced CRN in the 20-29 years group and 30-39 years group was 0.6% and 0.9%, respectively (P ¼ .005). A total of 11 CRC cases were detected in the study population, of which 1 (0.01%) was in the 20-29 years group and 13 (0.02%) were in the 30-39 years group (P ¼ 
Risk Factors for Overall CRN
We assessed the risk factors for overall CRN in the 20-29 years group and 30-39 years group separately (Table 2 ). Multivariate analysis revealed that age, obesity, abdominal obesity, elevated blood pressure, elevated FBG levels, and elevated triglyceride levels were independent risk factors for overall CRN in the 20-29 years group. In the 30-39 years group, age, male sex, smoking, alcohol intake, obesity, and metabolic syndrome were independent risk factors for overall CRN, whereas regular exercise was a protective factor against overall CRN (OR, 0.89; 95% CI, 0.81-0.97). Of the criteria for metabolic syndrome, abdominal obesity, elevated blood pressure, and elevated triglyceride levels were independently associated with an increased risk of overall CRN in the 30-39 years group.
Risk Factors for Advanced CRN
We further assessed the risk factors for advanced CRN in the 20-29 years group and 30-39 years group separately ( 
Subgroup Analysis
The number of patients with only 1-3-mm sized adenomas was 182 in the 20-29 years group and 2,751 in the 30-39 years group. As shown in Table 4 , the risk factors for 1-3-mm-sized adenoma were similar to those of overall CRN in the 20-29 years group and the 30-39 years group.
The prevalence of CRN in subgroups with risk factors that were significant for both overall and advanced CRN in multivariate analysis and sensitivity and specificity of the risk factors for detecting CRN are described in Table 5 . The sensitivity of obesity for detecting overall and advanced CRN was 35.0% and 46.2% in the 20-29 years group and 39.5% and 38.1% in the 30-39 years group, respectively. The sensitivity of smoking for detecting overall and advanced CRN was 57.1% and 54.2% in the 30-39 years group, respectively.
Discussion
In this very large study of an asymptomatic young population, we found that CRN in subjects aged 20-29 years and those 30-39 years was 5.9% and 9.5%, respectively. In subjects aged 20-29 years, obesity, abdominal obesity, and elevated triglyceride were independent risk factors for both overall and advanced CRN, while age, elevated blood pressure, and elevated FBG were also independent risk factors for overall CRN. In subjects aged 30-39 years, age, smoking, alcohol intake, obesity, and abdominal obesity were independent risk factors for both overall and advanced CRN. Additionally, male sex and metabolic syndrome were independent risk factors for overall CRN, while regular exercise was a protective factor for overall CRN.
Data on the prevalence of CRN in asymptomatic persons aged <40 years are rare. To date, only a few Korean studies have investigated the prevalence of CRN in persons aged 20-29 years and 30-39 years, separately. 5, 11, 12 In the present study, the prevalence of overall CRN and advanced CRN in subjects aged 20-29 years was 5.9% and 0.6%, respectively, while that in subjects aged 30-39 years was 9.5% and 0.9%, respectively. These rates were comparable to those reported in some Korean studies in which the prevalence of overall CRN in persons aged 20-29 years was 1.3-9.4%, while the prevalence of overall CRN and advanced CRN in persons aged 30-39 years was 9.5%-13.4% and 0.4%-1.0%, respectively. 5, [11] [12] [13] [14] The prevalence of advanced CRN in persons aged 20-29 years appears to be slightly higher than that reported in 2 previous Korean studies (n ¼ 43 of 7557 [0.6%] in our study vs n ¼ 0 of 117 [0%] and n ¼ 1 of 608 [0.2%] in the 2 previous studies). 5, 12 However, as the number of persons aged 20-29 years in the 2 previous studies was very small, there is a limit to evaluating the prevalence of advanced CRN in persons in their 20s. Meanwhile, there are few data on the prevalence of CRN in young persons aged <40 years in other countries, especially Western countries. A multinational study of 11 Asian countries including Korea showed that the prevalence of overall CRN in asymptomatic Asians aged 20-39 years was 4.7% (n ¼ 4 of 86). 15 Another Dutch study reported that the prevalence of overall CRN in young persons aged 20-30 years and 30-40 years at an average risk for CRC was 4.1% (n ¼ 3 of 73) and 3.1% (n ¼ 3 of 98), respectively. 16 These rates were lower than our results. The prevalence of youngonset CRN may be higher in Korean people than in those from other countries. However, as the sample size was extremely small in studies in other races or ethnicities, further studies are needed to determine whether the epidemiology of young-onset CRN differs between Koreans and other races or ethnicities.
The prevalence of CRN in persons aged 20-39 years in our study was relatively lower than that in persons aged 40-49 and 50-59 years in other Korean studies. In several Korean studies including our previous study, the prevalence of CRN in persons aged 40-49 years and 50-59 years was reportedly 17.3%-22.4% and 22.2%-33.1%, respectively, for overall CRN and 2.4%-2.9% and 4.4%-6.7%, respectively, for advanced CRN. 4, 14, 17 These results indicate that the prevalence of CRN increases with age.
Here we examined the risk factors for CRN in detail among young adults aged 20-29 years and 30-39 years, separately. In subjects aged 30-39 years, age, smoking, alcohol intake, obesity, and abdominal obesity were independent risk factors for both overall CRN and advanced CRN. In addition, male sex and metabolic syndrome were risk factors for overall CRN, while regular exercise was a protective factor against overall CRN. Because age is an important risk factor for CRC or advanced CRN, it is already reflected in the current guideline, which recommends that persons at an average risk should begin undergoing screening colonoscopy at 50 years of age. 1 Many epidemiologic studies have revealed that smoking and alcohol ingestion are associated with an increased risk of CRN, and several meta-analysis studies support these results. 18, 19 It was recently recognized that obesity and metabolic syndrome also play important roles in CRC development. Many studies have shown that obesity and metabolic syndrome are significant risk factors for CRN. 20, 21 Insulin resistance is a possible mechanism linking the risk of colorectal carcinogenesis conferred by obesity or metabolic syndrome. 22 In addition, many studies have reported that the risk of CRN is higher in men than in women. 5, 11, 13 On the other hand, physical activity is consistently associated with a reduced risk of CRC in epidemiologic studies. 23 To summarize, the risk factors for CRN identified in our study are already known risk factors in previous studies. However, previous studies on risk factors for CRN focused on persons older than 50 years of age. Our study shows that the well-known risk factors for CRN in persons aged >50 years are equal risk factors in young persons aged 30-39 years.
More important, our study is the first to show that obesity and metabolic factors were associated with an increased risk of CRN even in very young persons aged 20-29 years. Moreover, obesity, abdominal obesity, and elevated triglycerides were also associated with an increased risk of advanced CRN in this age group. Our results are of clinical significance. Considering that most cases of CRC develop over several years through the adenoma-carcinoma sequence, 23 young persons aged 20-29 years with these risk factors may be high-risk candidates for CRC in the future. Our study findings strongly suggest that maintaining a normal weight from the 20s may be crucial to preventing CRC and obese persons may have to undergo screening colonoscopies earlier.
Interestingly, modifiable factors such as smoking, obesity, and metabolic syndrome are also associated with an increased risk of small-sized (1-3 mm) adenoma in young persons aged 20-39 years. Given that these modifiable factors are associated with the risk of both small adenoma and advanced CRN, these factors may affect both the early and later stages of the adenomacarcinoma sequence. For young persons, even small adenomas may be clinically relevant.
To date, some studies have examined the risk factors for CRN in persons aged <50 years. 14, 17, 24 However, most have focused on persons aged 40-49 years. Studies have shown that smoking, obesity, and metabolic syndrome were associated with the risk of CRN in persons aged 40-49 years. 14, 17, 24 Meanwhile, data on the risk factors for CRN in young persons aged <40 years are much more limited; thus far, only a few Korean studies have investigated this topic. 12, 14 Similar to our results, a Korean study showed that male sex and smoking were significant risk factors for low-risk adenoma in persons aged 30-39 years.
14 However, the study did not include persons aged 20-29 years. Another Korean study reported that current smoking status and alcohol consumption were associated with an increased risk of colorectal adenoma in young adults aged 20-39 years. 12 However, in that study, the risk factors for advanced CRN were not assessed and persons aged 20-29 years were not analyzed separately, due to their small numbers (n ¼ 669).
Our study findings indicate that modifiable factors such as smoking, alcohol intake, obesity, and some components of metabolic syndrome may affect CRN development even in young adults aged <40 years. In particular, since these modifiable factors are associated with the risk of advanced CRN in young adults aged <40 years, improving these modifiable factors from a younger age seems crucial for preventing CRC. In addition, our study suggests that persons with risk factors for advanced CRN may have to begin undergoing screening colonoscopy at <50 years of age. The current guidelines may need to be supplemented to provide personalized CRC screening strategies, taking into account not only family history of CRC, but also other risk factors. However, as shown in Table 5 , the sensitivity and specificity of the clinical risk factors for detecting CRN was not high. This suggests that although persons aged 20-39 years have clinical risk factors for CRN, such clinical risk factors do not justify starting screening colonoscopies in the 20s or 30s and it may be difficult to use as a screening tool with clinical risk factors alone.
To the best of our knowledge, this is the largest-scale study to evaluate the prevalence of and risk factors for CRN in a young population aged 20-39 years. Furthermore, this is the first study to examine a broad range of risk factors for CRN in very young adults aged 20-29 years. Nevertheless, the current study has several limitations. First, the cross-sectional design precludes the determination of causality. Second, long-term NSAID exposure was not considered because only NSAID use in the previous month was investigated. Third, data on colonoscopy complications such as perforation and bleeding were not available. Fourth, most of the participants were employees of various companies, and thus most of them were likely to have a middle or upper class socio-economic status. In addition, only some participants (15.4% in the 30-39 years group and 13.1% in the 20-29 years group), not all participants of our health screening program, underwent a colonoscopy. Therefore, some degree of selection bias would be inevitable. However, the optional screening test such as colonoscopy was chosen by participant preference without external intervention. Finally, this study was hospitalbased rather than population-based and included only ethnic Koreans. The extent to which our findings can be applied to populations of similar age with different sociodemographic characteristics and ethnicities is unclear. Further research is needed to assess the epidemiology of young-onset CRN in people of other races or ethnicities.
In conclusion, modifiable lifestyle habits were significant risk factors for CRN even in young adults aged 20-39 years. Our study strongly suggests that maintaining good lifestyle habits, such as not smoking, drinking less alcohol, exercising regularly, and especially maintaining a normal weight from a young age, will help prevent CRC. Personalized CRC screening strategies that consider these risk factors may be needed in the future.
